1. Background {#sec65569}
=============

While augmentation cystoplasty has seen its indications decrease with the advent of onabotulinum toxin A and neuromodulation, there remains a role for this procedure in the 21st century ([@A20263R1]). Analysis from the Nationwide Inpatient Sample (NIS) reveals that augmentation cystoplasty appears to be widely used in the surgical management of neurogenic bladder in patients with spina bifida ([@A20263R2]). Data from the Pediatric Health Information System (PHIS) database demonstrates no change in augmentation rates between 1999 and 2004, finding 665 patients who underwent augmentation cystoplasty over this 5-year period ([@A20263R3]). A recent study by UC San Francisco demonstrated a decrease in the number of augmentations by 25% in the 2000s ([@A20263R4]). Institutional case series have examined complications of bladder reconstruction, suggesting it continues to have notable morbidity. Obermayr et al. retrospectively analyzed 25 pediatric patients who underwent augmentation cystoplasty ([@A20263R5]) and bladder substitution ([@A20263R6]) between 1999 and 2007, finding major complications including lower urinary tract calculi (39%), stricture or insufficiency of the continent vesicostomy (28%), and intestinal obstruction (9%) ([@A20263R5]). Approximately one-third of patients who have undergone enterocystoplasty experience postoperative complications ([@A20263R6], [@A20263R7]). These morbidities are secondary to a multitude of factors including surgical technique, inherent properties of the bowel segment, and patient compliance with maintenance regimens ([@A20263R8]).

2. Objectives {#sec65570}
=============

We sought to determine, on a national scale, the readmission rates at 30, 60 and 90 days after initial surgery, whether they have improved over the 7-year period, and to determine the influence of hospital and patient-specific variables with estimated costs of readmission.

3. Patients and Methods {#sec65573}
=======================

3.1. Pediatric Health Information System {#sec65571}
----------------------------------------

This was a retrospective cohort analysis of the PHIS, a national administrative database containing combined hospitalization data from 43 tertiary care pediatric hospitals in the United States. This study was reviewed and approved by the UC San Diego Human Research Protections Program Institutional Review Board (IRB) with an informed consent waiver. Patients were followed across multiple hospital admissions to the same PHIS hospital using unique numerical patient identifiers. Patient privacy and confidentiality are protected and this study conforms to the ethical guidelines of the 1975 Declaration of Helsinki. Inpatient data, emergency room visits, observation, and ambulatory surgery/medicine visits are all included. Some hospitals contribute varying amounts of data, for example, only inpatient visits versus inpatient, ambulatory, emergency room, and observation visits. Each participating institution and an independent data management group review the data for accuracy each quarter. Data is only accepted into PHIS if classified errors occur in less than 2% of the quarterly data. Thirty-seven of the 43 hospitals had complete inpatient information during the study period and were included in the analysis.

3.2. Data Collection and Analysis {#sec65572}
---------------------------------

We identified patients 0-17 years of age, from 2004-2010, undergoing bladder reconstruction using ICD-9 procedure codes: 56.51 (formation cutaneous uretero-ileostomy), 57.87 (reconstruction of urinary bladder), and 57.88 (other anastomosis of bladder); patients undergoing repair of bladder exstrophy (ICD9 57.86) were excluded. Descriptive statistics were used to characterize patient demographics, prevalence of surgeries, and readmission rates. Surgery prevalence was examined using linear regression and readmission rates were compared using the chi^2^ test. Total charges were compared between those who required readmission and those who did not, using the Mann-Whitney u-test. Costs are recorded in the PHIS database using a cost-to-charges ratio (RCC-based) for each hospital, which standardizes costs nationally taking into account variability in pricing and costs regionally. Although the RCC method is a good approximation for true costs, these costs are estimates and as such are only used in this analysis to compare between groups, rather than reporting them as a true exact cost amount. Ninety-day readmission rates were compared between hospitals after adjusting for hospital volume of augmentation surgery (number of readmits/total number of augment surgeries). GEE (generalized estimating equation) regression was used to evaluate the influence of independent variables on 90-day readmission risk while adjusting for patient clustering within hospitals. Covariates entered into the original model included age, gender, race, insurance (public/private), complex chronic condition (which comprises a broad array of ICD 9 codes for congenital anomalies) ([@A20263R9]), length of stay (\<= 7, \> 7 days), year of surgery, days admitted prior to surgery to accommodate for bowel preps (0 or 1) and all 2-term interactions. Only variables that remained significant in multivariate analysis remained in the final models. Significance for testing was set a priori at P \< 0.05, and STATA ver. 11.2 (StatCorp LP, TX) was used for statistical analyses.

4. Results {#sec65574}
==========

We identified 1,985 patients who underwent bladder reconstruction between 2004 and 2010. Demographic and hospital characteristics are shown in [Table 1](#tbl16774){ref-type="table"}. Median age of the cohort was 9 years and 52.7% were female. Median length of stay was 7 days.

###### Demographic and Hospital Characteristics ^[a](#fn13351){ref-type="table-fn"}^

                                            Augment Surgery, (n = 1,985)
  ----------------------------------------- ------------------------------
  **Median Age (IQR), y**                   9 (5-12)
  **Gender**                                
  Male                                      938 (47.3)
  Female                                    1047 (52.7)
  **Race**                                  
  Caucasian                                 1315 (66.2)
  African-American                          190 (9.6)
  Other                                     479 (24.1)
  **Spina Bifida**                          515 (25.9)
  **Complex Chronic Condition**             1,657 (83.5)
  **Insurance**                             
  Private                                   744 (37.5)
  Medicare                                  50 (2.5)
  Medicaid                                  800 (40.3)
  Other                                     365 (18.4)
  **Academic Hospital**                     1,960 (98.7)
  **Region**                                
  North Central                             897 (45.2)
  NE                                        274 (13.8)
  South                                     472 (23.8)
  West                                      342 (17.2)
  **Bed Size**                              
  Small (\< 200)                            501 (25.2)
  Medium (200-300)                          1,134 (57.1)
  Large (\> 300)                            350 (17.6)
  **Urinary Code**                          
  56.51 Formation of Uretero-ileostomy      107 (5.4)
  57.87 Reconstruction of Urinary Bladder   1,379 (69.5)
  57.88 Other Anastomosis of Bladder        867 (43.7)
  **Multiple Urinary Codes**                365 (18.4)
  **Multiple Admissions for Surgery**       124 (6.2)

^a^Data are presented as No. (%).

Over 7 years, there has been no change in the prevalence of bladder reconstruction surgeries (R^2^: 0.191, β coefficient: -4.71, 95% CI: -15.9 to 6.4, P = 0.327; [Figure 1](#fig12799){ref-type="fig"}). There was no change in 30-day (ranging from 14% to 20% P = 0.272), 60-day (19% to 24%, P = 0.788) or 90-day readmission rates over time (23% to 27%, P = 0.924) ([Table 2](#tbl16775){ref-type="table"}). Despite surgical volume adjustment, the majority of hospitals had similar 90-day readmission rates ([Figure 2](#fig12800){ref-type="fig"}). From a total of 37 hospitals, two had significantly higher readmission rates/volume and three had significantly lower readmission rates/volume than the mean. The median cost for those patients requiring readmission was 1.76-fold higher than that of patients who were not readmitted based on RCC (P \< 0.001).

![Bladder Augmentation Prevalence From 2004-2010](num-06-05-20263-i001){#fig12799}

###### 30-, 60- and 90-Day Readmission Rates (Unadjusted for Hospital Volume)^[a](#fn13352){ref-type="table-fn"}^

                30 Day      60 Day      90 Day
  ------------- ----------- ----------- -----------
  **2004**      54 (16.7)   73 (22.5)   78 (24.1)
  **2005**      52 (17.9)   65 (22.4)   78 (26.9)
  **2006**      45 (16.2)   56 (20.2)   67 (24.2)
  **2007**      53 (20)     58 (21.9)   70 (26.4)
  **2008**      34 (13.6)   47 (18.8)   60 (24)
  **2009**      59 (20.3)   69 (23.8)   76 (26.2)
  **2010**      42 (14.5)   57 (19.7)   67 (23.2)
  **P Value**   0.272       0.788       0.924
  **Overall**   17.1        21.4        25

^a^Data are presented as No. (%) or %.

![Volume Adjusted Rates of 90-day Readmission Per Hospital\
2 hospitals had significantly higher readmission rate than the mean (\*), and 3 had significantly lower readmission rates (\^).](num-06-05-20263-i002){#fig12800}

On multivariate analysis, a significant interaction was seen between gender and complex chronic condition (CCC) and as such, additional models were generated after splitting by gender: initial LOS \>7 days had 2-fold higher odds of readmission than \<= 7 (males OR 1.647, P = 0.001; females OR 2.18, P \< 0.001). Within males, having a CCC was significantly associated with 90-day readmission (OR 1.898, P = 0.001); CCC was not an independent predictor in females (P = 0.147).

5. Discussion {#sec65577}
=============

Between 2004 and 2010, there was no significant change in the prevalence in bladder reconstruction in the pediatric population, nor was there any change in the rate of readmission of these post-surgical patients at 30, 60, or 90 days. A recent study by Schlomer et al. shows a 25% decrease in bladder augmentation over the last decade ([@A20263R4]). This may be accounted for by the different cohorts analyzed. However, the critical issue of this study is the need for early postoperative readmission, which has been stable and alarmingly high. Beyond the direct morbidity to the patient, there is also a tremendous cost to the health care system with a 1.7-fold increase over patients who are not readmitted. The 90-day admission rate of 23-27% is comparable to the 30% readmission rate seen following either adult kidney or liver transplantation, which speaks to the severity of the condition and surgery ([@A20263R10], [@A20263R11]). Following urinary diversion in adults, the 90-day readmission rate has also been reported to be near 30% as well ([@A20263R12]). When counseling families and practitioners, the significant likelihood of readmission should not be underestimated.

5.1. Readmission Rates {#sec65575}
----------------------

The reasons for early readmission are not clearly elucidated in this study. Single institutional studies have been able to identify long-term morbidity following reconstruction. In adults, Welk et al. reported the rate of additional urological surgery after adult enterocystoplasty, finding 40% of patients required subsequent urological surgery in 243 patients, with a median follow up of 7.8 years ([@A20263R13]). Similar to adults, there is impressive morbidity after total bladder substitution in the pediatric population. DeFoor et al. retrospectively analyzed a population of 26 patients, median age 8.9 years, with median follow up of 8 years, who underwent neobladder creation, finding complications including reservoir stones (8 patients), febrile urinary tract infections (8 patients), metabolic acidosis (6 patients), small bowel obstruction (4 patients), bladder perforation (4 patients), and pelvic lymphocele (1 patient) ([@A20263R14]). Although the short- to long-term complications following pediatric bladder augmentation/reconstruction have been enumerated, the likelihood of early readmission following initial surgery has not been studied from a population-based perspective. Despite including 37 PHIS hospitals nationwide in our analysis with a diverse volume of bladder augmentation caseloads, our analysis found no appreciable difference in postoperative readmission rates among hospitals. This could be secondary to several reasons, including the consistency of pediatric urologists at the majority of PHIS hospitals, the essential high morbidity of the surgery itself and its predisposing condition, or even the likelihood that an increased presence of patients with CCCs at high volume centers may dilute the otherwise improved outcomes in the overall patient population. There has been recent discussion within the adult genitourinary surgical community focusing on the regionalization of radical prostatectomy to high volume centers, secondary to the belief this would provide patients with improved outcomes. Analysis compiled from the NIS concluded that low volume institutions experienced inferior outcomes relative to the highest volume centers, irrespective of approach for radical prostatectomy, supposedly demonstrating the importance of accounting for hospital volume when examining the benefit of a surgical technique ([@A20263R15]). However, in the present study cohort when adjusted for hospital volume, there is a similar readmission rate among all institutions.

5.2. Complex Chronic Conditions {#sec65576}
-------------------------------

In 2011, Berry et al. used the PHIS database to characterize hospital readmissions between 2003 and 2008, finding 21.8% of patients experienced at least 1 readmission within 365 days of a prior admission; 2.9% experienced 4 or more readmissions within 365 days, accounting for 18.8% of overall admissions ([@A20263R16]). Of this 2.9%, 28.5% (2633) were re-hospitalized for a problem in the same organ system across all admissions during the interval. A retrospective analysis examined readmission among 1,083 patients hospitalized between 2006 and 2008 who were part of a structured, pediatric complex-care clinical program within 4 children's hospitals. Notably, almost half (47.1%) of all complex-care clinical program patient admissions were related primarily to a surgical operation or major procedure ([@A20263R17]). In our analysis, multivariate regression found males with CCCs were at increased risk of postoperative readmission; this is supported by previous data which has already identified the use of CCCs in models describing pediatric readmission rates ([@A20263R18], [@A20263R19]). Somewhat surprising was our finding that CCC was an independent predictor of readmission in males but not females. This could be secondary to a yet unidentified gap in the care of male patients. However, 83.5% of our cohort had a CCC, with 50% reporting a neuromuscular condition. As a result, the attempted use of CCCs for determining readmission risk is not ideal but was an attempt to find some way of quantifying risk. We attempted to find other predictors of readmission including specific conditions such as obesity but only initial LOS \> 7 days during the initial surgery yielded a 2-fold increase in likelihood of readmission. Rice-Townsend et al. utilized a retrospective analysis of the PHIS database to identify disease severity among patients as the primary factor associated with readmission after treatment of appendicitis ([@A20263R20]). This factor was highly variable across hospital populations and significantly altered ranking of performance-based outliers. One of the limitations of our study is the inability to account for "disease severity", going back to the lack of unified, descriptive data that is needed to better stratify and describe the cohort of pediatric patients undergoing bladder reconstruction. Additional limitations include a lack of readmission data in situations where pediatric patients were re-hospitalized in non-PHIS hospitals or patients were readmitted to a different PHIS hospital. This could be underestimating readmission frequency. On the other hand, patients may have been readmitted for other reasons outside of the initial bladder reconstruction, thus overestimating our readmission rates. The lack of sufficient finite data to characterize the reasons for readmission is a significant drawback in administrative databases, but we believe that a definite trend is seen in this study. The ability to generalize our results might also be limited to freestanding children's hospitals and does not represent the national norm, although it is estimated that 25% of children's hospitalizations occur within children's hospitals (National Statistics on Children, Healthcare Cost and Utilization Project, Agency for Healthcare Research and Quality, http://www.hcupnet.ahrq.gov/ (accessed March 30, 2013). Children treated at children's hospitals have a higher prevalence of CCCs than children at other hospitals, and this could potentially affect our results ([@A20263R21]). In addition, our use of ICD-9 coding to identify patients for inclusion is always subject to the quality of initial data collection and may unintentionally lead to inclusion of inappropriate or exclusion of appropriate patients. With health care reform initiatives looming, the future of medicine will likely include bundled payments for inpatient surgical and outpatient post-hospitalization care, ensuring accountability for patient outcomes and inpatient utilization among care providers ([@A20263R22]-[@A20263R24]). Optimizing outcome by reducing morbidity is imperative. Despite advances in health care, pediatric bladder reconstruction is a significant endeavor with an essential likelihood for future admission at substantial cost. As evidenced in this study, readmission rates after pediatric bladder reconstruction have not improved over time. Nearly all centers have a similar readmission rate despite volume adjustment. Patient demographics and initial LOS may have a bearing on readmission risk. Collaborative quality improvement initiatives are required for this patient cohort.

We thank Eileen H Silva for editorial assistance.

**Authors' Contributions:**Study concept and design: Cohen and Chiang. Acquisition of data: Palazzi. Analysis and interpretation of data: Cohen, Palazzi, and Chiang. Drafting of the manuscript: Cohen and Chiang. Critical revision of the manuscript for important intellectual content: Cohen, Chiang, Marietti, and Kaplan. Statistical analysis: Palazzi and Chiang. Administrative, technical, and material support: Palazzi and Chiang. Study supervision: Chiang and Kaplan.
